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SECTION I l
INTRODUCTION L
i
‘1

Certain experiments and tests require the measurement of
out-of-plane motions of target surfaces. One way these measure- ;
ments can be made is with use 0f special devices which produce }
moiré fringe patterns on the surface of the targets. A descrip-
tion of one of these devices has been provided in a previous
document.l This document provides detailed descriptions of
procedures related to the use of that device and the analysis

of the resulting fringe patterns.

Although the device has been used primarily to determine
the response of impulsively loaded targets of fairly large
area (1500 to 2000 cm2), information provided in this document
also applies to analysis of data from surfaces of smaller area
and surfaces subjected to slowly applied or static loads. 1In
all cases, deflection data are obtained after analysis of
photographs of individual fringe patterns.

A computer program named PANDIS is used to assist in the
reduction of fringe pattern data to displacement data. This
program, written in the BASIC language, is designed for use from
a remote time-shared computer terminal. Section II of this

document provides a brief description and instructions for use

of the device. Sections III, 1V, and V provide detailed data
reduction instructions, a description of program PANDIS (in-
cluding a listing of program statements), and a sample problem
and the resulting printout, respectively.

.,

(1) Piekutowski, A. J., A Device to Determine the Out-of-Plane
Displacement of a Surface Using a Moire Fringe Technique,
AFWAL-TR-81-3005, Air Force Wright Aeronautical Laboratories,
Wright-Patterson Air Force Base, OH, May 1981.
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SECTION II
USE OF MOIRE DEVICE

As constructed, the moiré device, shown schematically in
Figure 1, simply generates a system of light and dark bands
which are fixed in space relative to the moiré device. The
light and dark bands are apparent to the viewer only when the
system of bands is interrupted by a target surface. A critical
orientation of the target surface with respect to the moire
device is not required since the initial shape of the target
surface can always be reconstructed after analysis of the fringe

patterns.

An illustration of the technique used to produce the moire
patterns is presented in Figure 2. As shown in this figure,
the optical system on the right (Projection System) projects
an image of the Ronchi ruling in the system onto the target
surface. The lens in the left optical system (Viewing System)
focuses an image of the target and projected ruling onto the
Ronchi ruling in the viewing system. A moiré pattern is pro-
duced where the image of the projected ruling is superimposed
on the viewing system Ronchi ruling. A camera, with its lens
focused on the composite image, is used to photographically

record the moiré pattern.

Analysis of raw data is facilitated by exercising
reasonable care during setup of the moiré device. Attention
is drawn to the relationship of the shaded regions adjacent
to the rays (boundaries between clear and opagque areas of
Ronchi ruling) shown in Figure 2. The regions shown are
adjacent to the optical axes of the projection and viewing
systems. When the rays associated with these regions and the
target surface intersect simultaneously, a dark band will
appear at the target surface. This particular dark band is
identified as fringe zero. Identification of the rays which
produce fringe zero is facilitated by heavy locator lines
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Figure 1. Schematic View of Moiré Device Illustrating Components
and Their Relationship to Target.
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Figure 2. Technique Used to Produce Moiré Patterns.




placed on the Ronchi rulings. Relative positions of the locator
lines in the various dark bands of the moiré pattern are used to
establish the direction which the moiré device must be moved to
produce the desired target-device relationship. The positions
of the locator lines are shown for a number of fringe surfaces
in Figure 3. The coordinate system and fringe numbering con-
vention which was adopted for use during subseguent data reduc-

tion procedures are also shown in this figure.

PROJECTION OF OPTICAL AXIS
LOCATORS IN VARIOUS

FRINGES
TARGET
SURFACE
-4
-3
-2
-
0
', I
L i
-4-3-2-10 I 2 NN Y-AXIS
ORIGIN OF
ARBITRARY FRINGE COORDINATE
NUMBERING SEQUENCE SYSTEM
X~=AXIS

DISPLACEMENT, D

Figure 3. Arbitrary System of Identifying Fringes and Coordi-
nate System Used in Analysis of Fringe Patterns. 1In
this figure, the reference plane is parallel to the
X-D plane. Note the position of locator lines in
each fringe.




Information presented in Figure 4 is used to illustrate
relationships between the various device parameters which must
be determined for correct interpretation of the resultant
fringe patterns. However, one important difference between
the device and the illustration in Figure 4 exists. For pur-
poses of simplifying presentation, the Ronchi ruling has been
shown between the appropriate lens and the target rather than
behind the lens, e.g., Figures 1 and 2. Positioning the Ronchi
ruling as shown in Figure 4 merely facilitates a graphical
presentation of the rays used to determine the location of the
dark bands. For consistency of illustration, the lens on the
right side of Figure 4 corresponds to the viewing lens of
Figure 2 (on the left).

Selection of nominal characteristics of various optical
components used in the device is made during design of the
device. Determination of actual characteristics of these
components is made during alignment and assembly of the device.
The six parametric constants determined during assembly of the
device—-uL, Aps RL’ RR' PL' and PR-—are shown in Figure 4.
These constants are used to uniquely specify the locations of
the various dark bands produced by the moiré device. Following
is a brief description of each of these parameters. Subscripts
R and L refer to the right and left side of Figure 4.

Parameter Description
o Angle optical axis makes with X-axis
R Normal distance from center of lens to

X-axis or target surface (or tangent to
target surface in case of curved targets).
In actual practice this value is calcu-
lated using the relationship shown in
Figure 4 and the appropriate values of a
and the distance, d, which was measured
during alignment of the individual heads.
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Parameter Description

P A pseudopitch used when determining, in
slope-intercept form, the equations of
lines representing the various rays. This
dimensionless value is determined, as
shown in Figure 4, using the Ronchi ruling
pitch (furnished by Ronchi ruling manufac-~
turer), the system magnification {(measured
during the alignment of the individual
heads), and the previously mentioned
distance, d.

Target surfaces shown in the four figures just presented
are represented as planar surfaces which are tangent to fringe
zero. This orientation is not required for satisfactory opera-
tion of the device, and practically speaking, is rarely achieved.
When the device is used with convex or concave surfaces, the
preferred orientation of the device has the displacement axis
of Figure 3 coincide with a line normal to a plane tangent to
the target surface at the point where intersection of the X-axis
interruptions in the locator lines occurs. The relationship
of the moiré device displacement axis (fixed by optical compo-
nents in the moiré device) and a line normal to the target at
the point of tangency just described is the preferred orienta-
tion of the device and target for all applications since it
facilitates identification of fringe zero. When the device is
mounted independent of the target, the user must carefully
position the device for each test to insure this orientation
is achieved as closely as possible. 1In other applications,
e.g., measurement of aircraft transparency deflections, the
moiré device may be installed in mounts which may or may not
provide for adjustment of the relationship of the device to
the target surface. 1In these cases, the general relationship
of the target and the device is fixed during design of the
device mounting hardware.

Most uses of the moiré device require some preparation

of the target surface. Typical preparations consist of the
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application of a reflective coating, usually white paint, and
the installation of fiducial marks on the reflective screen.
The fiducial marks are used to provide data for film magnifica-
tion determinations. A suggested fiducial line layout is
presented in Figure 5. Use of X's rather than short line seg-
ments as reference points on the horizontal axis eliminates

the likelihood of one or more of the line segments being
obscured by the lines in the projected or viewed Ronchi ruling.

DIRECTION OF LINES
T IN RONCHI RULING T

2INCH SPACING TYPICAL

—  IDEAL CENTER OF MOIRE DEVICE —+

N

A V4 N
N\ I\ / \ o) N N\ :/
COINCIDENT, WITH X-AXIS
OF MOIRE OEVICE |

AV
—7K

%
X
X

2INCH SPACING TYPICAL

£ +
_ NUMBER AND LOCATION OF FIDUCIAL
- MARKS CAN B8E VARIED TO SUIT =+
TEST CONDITIONS.

Figure 5. Suggested Fiducial Pattern for Use with Moire Device.




SECTION III
DATA REDUCTION

Data used to generate deflection information are obtained

from various photographs taken during the experiments or tests.
A single photograph may be analyzed in the case of a statically
loaded target. When the target is impulsively loaded, data are
taken from photographs of selected frames of a high-speed film
of the transient fringe patterns. Measurements of the locations
of timing marks placed on the high-speed films are used to
determine the framing rate of the camera and the time interval
between successive fringe patterns for these dynamic events.
In this section, detailed instructions for making a variety of
measurements are provided. The measurements are described and
presented in the order in which they are entered into the com-
puter program. A listing and description of sample data items
is presented in Section V. The first data entries consist of
specific moiré device parameters and information unigque to the
test. An explanation of each of these data items is given

in Section V.

Although the original negative film may be used for data
reduction purposes, analysis of the moire patterns is greatly
facilitated by using enlarged prints of the individual frames.
In the case of multiple prints, it is extremely important that
all frames taken from a data film be printed at the identical
magnification. Data used to obtain film magnification infor-
mation are taken from pre-event photographs. Post event
photographs are used to obtain measurements of fringe location
and, ultimately, target displacement. Since the fiducial lines
are applied to a surface which is in motion during the event,
film magnification information taken from post event frames

should be regarded as suspect.

Because the axis of the viewing system is at an angle to
the target surface, distortion of the image produced at the
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viewing system Ronchi ruling occurs. Consequently, magnifica-
tion of the target image varies continuously in the horizontal
(X) and vertical (Y} directions. Since out-of-plane displace-
ment data are derived from measurements taken from the film,
conversion of measured dimensions (film) to true dimensions
(target) requires that the variation in film magnification be

accounted for properly.

Film magnification along the X-axis is determined using
measurements taken from one or more of the frames immediately
preceding the event. (Only one set of averaged values is
entered into the program, however.) Profiles other than those
along the X~axis are usually taken from sections parallel to
the X-axis and through the short horizontal lines on the two
long vertical lines of the fiducial system (Figure 5). Mag-
nification in the Y direction is thus treated graphically and
no further corrections are required. An illustration of a
modified target-viewing head relationship is presented in
Figure 6. In this figure, film normally in the camera is shown
in the plane of the viewing head Ronchi ruling. A view of the
undistorted target surface and fiducial system is shown in
the upper right of this figure. A view of the distorted image
produced on the film is shown at the lower right of Figure 6.
Also shown in this figure is the position of the interruption
in the locator line with respect to the X-axis.

As shown in the lower right portion of Figure 6, the
locator line (ray zero) does not coincide with the center of
the fiducial pattern and an offset of unknown magnitude results.
The magnitude of this offset and actual film magnification
data are determined graphically using measured values taken from
the pre-event photographs. All measurements are made with
respect to the locator line of the viewing head. This line
will always appear as a straight line in all photographs. Raw
film magnification data consist of a table of measured distances

to known points (X's on the horizontal fiducial line) and the
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TARGET
(PRE - EVENT

K NORMAL VIEW OF TARGET
AND FIDUCIAL LINES

LENS T
1
SV
1 I' .
IR IV, § 74
el
s \
-~ INTERRUPTION
e s | | e
(FRINGE PATTERN OMITTED 1 — X" USEDW
FOR CLARITY) _—-__*—__—4; EXAMPLE
- /._—-"‘
RAY ZERO LOCATOR LINES

Figure 6. diiluscration of Technique wnich Produces a Distorted
Image of Target Surface and Fiducial Pattern. Refer-
ence to Figures 3 and 4 will clarify the apparent
reversal of right and left in the distorted image of
the target surface and fiducial pattern.

corresponding true distance to these points. Measured distances
to the right of the locator line have positive values and mea-
sured values to the left of the locator line have negative
values. When these data are plotted as shown in Figure 7, the
magnitude of the offset between the center of the moiré device
and the center of the fiducial pattern corresponds to the true
distance between the parallel lines representing the center of
the moiré device and the center of the fiducial system.

The value of offset thus obtained is used to "correct"
the true values and generate a table of "corrected" film mag-
nification data which are entered into program PANDIS. For
example, the true position of the second X to the right of
center of the fiducial pattern is +4 inches. This true value
is corrected by subtracting the algebraic value of the offset
from the true position of the fiducial mark, i.e., +4 - (+1.2) =
+2.8. All other true values are corrected in a like manner.
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+3}
PLOTTED POINTS ARE AVERAGE MEASURED VALUES
.2l / FROM PRE-EVENT FRAMES
+1+
i LOCATOR LINE\‘
o}——- . - + -

I CENTER OF MOIRE DEVICE —

-2k OFFSET—=|  |=—1.2 INCHES

VALUES MEASURED ON FiLM (INCHES)

-—CENTER OF FIDUCIAL
PATTERN

" A k. L L e ke 1 L A L.
10 8 6 4 2 o -2 -4 -6 -8 -10
RIGHT «——+———=EFT

LOCATION OF X's ON HORIZONTAL FIDUCIAL LINE (INCHES)

Figure 7. Illustration of Graphical Method Used to Determine
Offset and "Corrected" Film Magnification Data.

The measured distance from the locator line to this X (and all

other X's in the photograph) remains unchanged.

Processing of raw film magnification data in PANDIS yields
the coefficients of a second order polynomial. Subsequent con-
version of measured distances taken from data frames to true
distances is accomplished by evaluating the polynomial using

the measured values as the independent variable.

The framing rate of the high-speed camera, in pictures per
second (pps), is determined for that portion of the high-speed
film in which response of the target is recorded. Framing rate
is determined from measurements illustrated in Figure 8. 1In
this figure, timing mark zero was arbitrarily selected as the
sixth mark before the frame in which response of the target was
first observed. In practice any of the several marks appearing
before this frame may be selected as timing mark zero. All
subsequent measurements are made with respect to timing mark

‘
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FILM EXPOSED THIS DIRECTION
' FIRST FRAME SHOWING EVENT

TIMING MARK O _TIMING MARKS AT | msec. LAST FRAME READ
INTERVALS

?/./\..L.%.}{_J %/l
o :3(_2&3)__1—-’ D ENLARGED VIEW OF

SPROCKET HOLE
(NOTE SIDE OF SPROCKET
Wo) 'l HOLE WHICH 1S USED)

Figure 8. Illustration of a Portion of High-Speed Film Showing
Measurement Points for Film Speed Determination.

zero. In program PANDIS, the time to successive marks, R( ),
and the corresponding measured distances, U( )}, are entered
as data pairs and used in conjunction with certain physical
characteristics of 16 mm film to determine the coefficients
of a polynomial which yields the instantaneous framing rate
of the camera as a function of frame number.

The frame of film immediately before the frame in which
response of the target is observed is identified as frame zero.
Frames exposed after frame zero are numbered sequentially in
ascending order. The first measurement to be taken, U(0), is
used to determine the location of frame zero with respect to
timing mark zero. The other measured distances, U(l), U(2),
U(3), etc., are used to determine the actual framing rate of
the camera. Note that the distance to timing mark zero, U(1l),
is zero and entered accordingly in statement 100 of the Sample
Data (Section V).
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Since the system of dark bands generated by the moire .
device is unique for the set of system parameters, displacement i1
of a target at any point can be determined if the X-coordinate b
and fringe number of the point are specified. The X-coordinate

and fringe number are obtained from analysis of a photograph

of the fringe pattern. A simulated photograph of an ideal

target and fringe pattern is presented in Figure 9. The intended
use of the out-of-plane displacement data determines the number
of measurements taken from the photograph. If the deflected
shape along one section is required (usually along the horizon-
tal fiducial line), measurements are taken where the dark bands
intersect the fiducial line. If a map of the deflected surface

is desired, additional profiles are obtained along sections

parallel to the horizontal fiducial line. Examples of both

types of measurements are illustrated in Figure 9.

Analysis of photographs begins with identification of
the various dark bands in the moiré pattern. Use of the locator

FRINGE -3
FRINGE -2
FRINGE -1

////’ FRINGE -4

WT FRINGE -5
POINT OF EVENT
- OR_CENTER OF
REST

X —| v
—— + X —e u
|44
M.
*d i+—1 05 by
SECTION LINE DRAWN

7 3

-

]

o
ﬁ‘—/

PHOTOGRAP
X0~ / (QTHER LINES NOT
|| .

+Xm—e
BE o
lb LOCATOR LINE %
| (REFERENCE_FOR ALL : )
MEASUREMENTS) 3

Figure 9. Simulated Photograph of Ideal Moiré Pattern Showing
Various Measurement Locations.

14




Iy

lines aids in the identification of fringe zero. Study of
Figures 3 and 4 will assist in the identification of all other
dark bands in the pattern. If deflected surface data are re-
quired, lines are drawn on the photograph through the short
horizontal lines which are part of the vertical fiducial lines.
Finally, measurement of the various distances is made. As shown,
these distances are measured from the center of the dark band
to the locator line. Note that all measurements are made per-
pendicular to the locator line and that the correct algebraic
sign of the measured value must be observed.

Data for the measured points along each section line are
entered as fringe number-measured value pairs beginning with
the pair at the left of the photograph and ending with the pair
at the right of the photograph. When data for a number of
sections from a photograph are to be entered, data from the
uppermost section are entered first; order of entry proceeds
successively to the lower sections.

Procedures used in the collection of fringe number-
measured value data are identical for the pre-event and post
event photographs with one exception. An additional measurement
is taken from the first post event frame or the pre-event frame
if the target is suitably identified. This measurement, XO in
Figure 9, is the distance from the locator line to the point
of the event or the center of the area of interest. The value
of XO is entered into PANDIS prior to entry of the pre-event
and post event data.

Examination and study of the sample data in Section V
should clarify and further the program user's understanding of
data entry procedures used with PANDIS.

15

. NS
S - . . St e (374

e — e o y
T T - 2o RN

L

_ gr— e = e e
2. .

PSR

. TORLUVPLIN Y

e —werey

T s N



SECTION IV
PROGRAM DESCRIPTION

1. PROGRAM USAGE

Program PANDIS consists of a main program and two sub-
routines, LSQ and COR. The main program directs reading of
input variables, raw data, order of processing raw data, and
printing of results. Subroutine LSQ is called upon several
times during execution of the main program to fit data sets to
least-squares polynomials. Subroutine COR is called after each
raw data pair has been read and processed to yield a displace-
ment value unique to the fringe number and X-coordinate of the
data pair. 1In subroutine COR, the initial value of displacement
is examined and corrected, if necessary, for magnification
errors which are introduced when the target surface (hence,
measurement plane) has been displaced a sufficient distance from
the initial reference (pre-event) plane. A simplified flow

chart for the main program is presented in Figure 10.

Input variables and test peculiar data are read at the
beginning of the main program. Certain of these data are used
to characterize, in tabular form, the location (in displacement,
D, and X-coordinates) of the fringes which were observed in the
test film. In the next portion of the program, data used to
determine film magnification and speed are processed to yield
least-squares polynomials which describe the variations, with
distance and time, respectively, of these film parameters. Work
on actual fringe pattern data begins with data taken from the
pre-event frame. Individual sets of X-D data taken from this
frame are fit to least-squares polynomials which attempt to des-
cribe the shape of the undeflected target surface along a partic-
ular measurement section line. At the completion of printout of
the results of the first fit, the user is asked if the next
higher order of fit should be made. A positive response
results in another pass through subroutine LSQ. Printout of

N Lo
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START :
Read Moiré Data Fit Pre-Event Target
Data to Specified 3
and General sz
2000 5300 | order Polynomial ] 1
SUBR LSQ |
Print Results ncrease F
order of )
y ‘ fit by 1 !
Compute Slopes 3
2400 and [ntercepts '
of Rays
Y
Generate Write Coefficients
2600 Table of 5810 and Complete
fringe Coordinates Writing of
Title Page

y
Write Portion Write

3000 of Pre-Event

1 Title Page 6000 Data

\ Page

b } '

' Film Magni.

] Read Il):sla o Read Data for Next
4000 SUBR LSQ 7000 Frame o

Write Coefficients SUBR COR
i Write Data Page

' Lead Film Speed Data
| 4400 SUBR LSQ Yes
Write Coefficients
No

Read Point of

: Event Data
: 4800 | yrite part of 20000 “
Title Page

Read Pre-Event
Target Data

50001  sugr cor

Print Corrected Values

Figure 10. Flowchart for Program PANDIS. Initial values for
range of program statement numbers in which specific
operations are performed are shown at left of flow-
chart symbols.
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the results of this fit is again followed by the opportunity to

request the next higher order of fit. After various orders of

fit have been examined, the user is asked to select that order

of polynomial which best describes the pre-event panel shape.

Upon receipt of a reply, control of processing of data from

post event frames and the printing of results is returned to

the main program. ﬂ

2. DESCRIPTION OF VARIABLES

Following is a listing (and brief description} of the
simple variables, arrays, and string variables used in

program PANDIS. Where appropriate, units and applicable

reference figures are included in this listing.

Simple Variables

Al - Angle, aR, which optical axis of R.H. optical system
makes with X-axis, radians (Figure 4).
makes with X-axis, radians (Figure 4).

A3 - Angles which rays in R.H. optical system make with

A2 - Angle, ag,, which optical axis of L.H. optical system i
X-axis, radians. i

A4 - Angles which rays in L.H. optical system make with
X-axis, radians. i

A5 - Angle, a, used when "correcting"” displacements for
magnification errors, radians (Figure 11).

A6 - Angle, B, used when "correcting" displacements for
magnification errors, radians (Figure 11).

ﬁ E - Standard error of estimate of least-squares fit.

FO - Time after event, evaluated for each frame number,
msec. ]

Fl - Largest positive fringe number used in evaluation.

F2 - Largest negative fringe number used in evaluation.

F3 - Average framing rate of camera over an arbitrary
i 1 msec interval, Io’ pPps.
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F4

F5
Fé6

F7

I1

I2

M1
M2

M3

M4

M5

NO

N1
N2
N3

N4

N9

Average framing rate of camera over the arbitrary
1 msec interval, I, + 1, pps.

Ag term of polynomial describing film speed.
A)] term of polynomial describing film speed.
Ao term of polynomial describing film speed.
General operator.

Operator to sequence through all frames of film after
pre-event frame.

Operator to sequence through all sections of a frame.
General operator.

General operator.

General operator.

General operator.

Order of fit desired in least-squares subroutine.

Ml + 1.

- Ag term of polynomial describing film magnification,

inches.
A} term of polynomial describing film magnification.

A, term_of polynomial describing film magnification,
inches~1l.

General operator.

Number of frames of film to be evaluated (including
pre-event frame.

N9 + 1.
Frame number.
Number of sections in a frame.

Value used to signal that insufficient data are
available for a least-squares fit.

Number of rays on either side of optical axis
(Figure 4).




P0 - Proportionality factor used during interpolation in
X-D Tables.

Pl - Number of data pairs for a particular use of least-
squares subroutine or other functions requiring
knowledge of number of data pairs for a particular
operation.

P7 - Page counter.
P9 - Pi (3.14159). |

Rl - Normal distance from R.H. optical system lens to
X-axis, mm (Figure 4).

R2 - Normal distance from L.H. optical system lens to
X-axis, mm (Figure 4). : '

R3 - Constant used when "correcting" displacements for
magnification errors, mm.

RB - Pseudopitch of R.H. optical system (Figure 4).
R9 - Pseudopitch of L.H. optical system (Figure 4).
S =~ Summation in least-squares subroutine.

S0 - Calculated displacement (w/r to Moiré Device) using
pre-impact data fit, mm.

S2 - Ax in "correction" of displacements for magnification 1
errors, mm., ‘

S6 - Temporary storage of X values, mm.
S7 - Temporary storage of D values, mm.

X0 - Point of impact w/r to centerline of Moiré Device,
inches and mm (Figure 9).

Y0 - Counter in correction subroutine.

Y2 - Summation in least-squares subroutine.
Y8 - Projectile weight, variable.

Y9 - Impact velocity, variable.

Z - Absolute value of (Y2-S).

20




Arrays
A( ,
B ()
c ()
D ( ,
E ( ,
F ()
G ()
H( ,
M ()
N ()
o( ,
P ()
Q ()
R ()
T( ,
u ()
v,

Coefficients obtained in least-squares subroutine.

Intercepts of rays in right optical system, mm,
Intercepts of rays in left optical system, mm.

Displacenent values in table of fringe
coordinates, mm.

Specific displacement values from pre-event
frames, mm.

Counter number for X and D values tabulated
for each fringe.

Storage for various X; summations in least-
squares subroutine.

Specific fringe numbers from pre-event frames.
Slopes of rays in right optical system.
Slopes of rays in left optical system.

Storage of coefficients of polynomials des-
cribing each section in pre-event frame.
0(9, ) = Pl and 0(10, ) = M1,

X-values in least-squares subroutine, inches
or mm; measured values for film magnification
data, inches; and measured values for post
event frames, inches.

Y-values in least-squares subroutine, inches
or mm; true values for film magnification
data, inches; and fringe numbers for post
event frames.

Time values for film speed determination,
msec and measured value for pre-event gata,
inches.

various Ixij™yj in least-squares subroutine.
Measured distances for film speed determination

inches (Figure 8), and fringe number for pre-
event data.

Inverse of Y( , ) in least-squares subroutine.

21
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WI( , ) - Specific X-values from pre-event frame, mm.

X ( , ) - X-values in table of frince coordinates, mm.

Y ( , ) - Various inm in least-squares subroutine.

Strincg Variables

D$ - Date.

S$ - Shot or test identification code.

X$ - Query for next order of fit in least-squares
fit for pre-event data.

PS ( ) - P$(0) - Target description.
P$S(1l) to P$(9) - ST, ND, RD, TH, TH, TH, TH,
TH, TH suffixes added to order of fit to yield
1st, 2nd, etc.
P$(10) - Projectile description.
P$S(11l) to P$(20) - Section location
designators.

3. PROGRAM LISTING

Following is a listing of the BASIC statements which
comprise program PANDIS. The program, as listed, was run on
a UNIVAC 90/80-3 computer using the sample data included in
the next section to produce the printout presented at the end
of the next section. The listing has been separated into a
number of statement groups. In general, each group corresponds
to one of the operations shown on the flowchart in Figure 10.
Where appropriate, a short explanation of the function of each
group of statements is presented prior to the listing of
statements.

0O REM - STATEMENT NUMBERS 1 THROUGH 999 ARE AVATLABLE FOR DATA

See Sample Data (Section V) for format requirements.
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named

1G00
{010
1020
1030
2000
2010
2020
2030
2040
2050
20860
2070
2080
2090
2100
2110

2200
)

to det

The following statements allocate storage for the variously

arrays.

N ACLO» 1)y BC200)»CC200)»NCI00»30) vy FE (205107

ITH F (200 v GALO)Y s HC3O 0 10) 1 H (2000 s N(200) 2 0010510)
DIHM P50 B EC200 s QUHO) yRCHOI» TC1OY 1)

DIM LGS0Vt 1O s WCBOL 10O » 21003059 Y (102107
RE'M FARAME TIVTEC CORGTadTS FOR rDLRE APPAaka s
READ K1sR2sNTyRByRY

READ A1 sA2yF1F2eNY

FPY=5,14159%

N1L=NCE1

FOR 1=1 TO ¢

READ FECD)

NEXT I

R3=F1/TANCAL

FOfe (=11 10 N3t

RUAD P41

NEXT 1

REM - READ GENCRAL TRTDRAATINN RUGARDING SHOT
READ 5%y 11,4 (0)
READ F$(10) 9y Y8 Y9 9yNO

In the next operation, the general form of equation used

ermine the slopes of the various rays is:

m = tan 6

where m is the slope of the ray and 8 is the angle which the ray

makes with the X axis. The D-intercept, b, of each ray is

comput
in Fig

In the program, care is taken to insure that the proper algebraic

signs

2400
2410
2420
2430
2440
2450
2460
2470
2480
2490

ed using the following relationship and values illustrated
ure 4.

=Rr - [R_
b =R (tan a) n

are observed during computation of the various values.

REM - DETERMINE SLOFES AND INTERCEFTS OF ALl RAYS
FOR I=~N% T0O N9

J=T4N1

AB=ATNCITXRE)

A4=ATN(TARY)

MO =TANC(AL-AX)

BCD =R -C(RI/TANVAT) Y¥MO)))

NC D =-TANC(A?+AA)

COD=R24 CR2/TANCAL) Y XN D))

NEXT I

RN % Lol
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Before the coordinates of the intersections of rays are
tabulated, the fringe number of the intersection is checked to
determine whether or not it falls within the range of fringe
numbers that appeared on the data photographs. Intersections for
fringe numbers which lie outside the range are not computed.
Computation of the fringe numbers and X and D coordinates of
the various intersections is made using relationships given in

Figure 4.

D000 REM OF TEFRMINE ANDU TARUEATE bbb b 1ons g AL AT
210 FOR =1 70 (P FARSCE -4 1)

OO0 X (O yep b1
2HT0 IOy Y= )
LHA0 F (L0

TEHENO N T )

ST I AR T E IR T LA N A

2650 Ts 13

2680 FOR e NQOT NG SRR
O AN N I R NN N |

2000 10 T YHER oS
D000 0 ol By -4 Ve
RV N R B I R R |
COROF (R F ko

2740 XU OR b2 U Oy BOFH 7m0 by Wot) o)
D20 0 R R MY R ey i L

SA00 NERT

2200 NEx)

3000 KEM SEART PRITETODT b 1TTHE o
TGLO LISy UL TNG oo

FOT0 LIST USIENG Yo'

B030 L1700 UGTRG 20200 5%

A040 L 1OT HSTNG waGadeltd
JOS0 L OT WL TG RS040 b v,
A000 L0 HETHG S0 e e L)
3070 1 ST NG Yosos i
JOGO LIT5T s, ey s
3090 LIST ULING 200000
FEO0 LIST USTMNG 2020

F110 LIST HSING 2100

3120 LEST DSING 2100

FL30 LIAT USTNG 2120

3140 LIST USING Y130

B850 LI5T USING 9140

ALAO L IST USTNG 2150
FL70 LTST USTHEG 9160

Film magnification data are fit to a specified order of
polynomial in subroutine LSQ. The coefficients of the resulting
polynomial are printed and stored for later use.




4000 RCM - READ FILM MAGNIFICATION DATA AND FIT TO A 2ND- ORDER FOLYNDMTAL
4010 READ F1,M3

4020 FOR I=1 YO F1

4030 READ (D) »QACD)

. 4040 NEXT I

i 4050 GOSURB 10000

4060 M3=A(1s1)

4070 MA=A(2s 1)

4080 MG=4(3s1)

4090 LIST USING 9170,M3»MAyM5sE

In statements 4450 and 4480, measured values taken from the
film (Figure 8) are used to compute "instantaneous” framing
rates, F3 and F4, for successive time intervals. These computa-
tions are tailored to 16 mm film (40 frames per foot) with
timing marks applied to the film at 1 msec intervals. Successive
"instantaneous" framing rates are averaged to provide the framing
rate data which are fit to a polynomial in subroutine LSQ.
Coefficients of the polynomial are printed and stored for later

use.

4400 REM -~ READ FILi SFEED DATA AND FIT TO A 2NL-0ORDER FOLYNOMIAL
4410 READ F1sM1,U<CO)

4420 FOR I=1 TO F1

4430 READ R(I)»UCI)

4440 NEXT I

4450 F3=((U(2)-UC1))IX10000) /(IR(R(2)-R(1)))

44460 FOR I=1 TO F1-2

4470 F(I)=(UCI+L) UCO))IX10/3

4480 FA=(UCTIH2)-U{TH122X10000) /(33X (R(CTH2)-R(I41)))
44920 QCI)=(F34F4)/2

4500 F3=F4

4510 NEXT 1

4520 P1=p1-2

4530 GOSUR 10000

4540 FS=A(ls1)

4550 Fé6=A(2y1)

4560 F7=8(3y1)

4570 LIST USING 9180+F5»F6eF 7L

4800 REM - READy COMPUTE. AND FRINT REAL VALUE OF FOINT OF IdFACT
4810 READ XO

4820 XO= (MI+MAXXOEMIRXOKXD ) X204 4

4830 LIST USING 9670

4840 IF SON(X0):0 THEN 4870

4850 LIST USING 2190+ARS(X0O)

4840 GOTO 4880

4870 LIST USING 9200,.ABS(XO)

4880 LIST USING 9260

4890 LIST USING 92270

49200 LIST USING 9280

4910 LIST USING 92906 |
4920 LIST USING 9480

L TR
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Raw data for the pre-event frame are processed on a
section-by-section, point-by-point basis. After each fringe
number-measured value pair has been read, the measured value
is processed to compensate for film magnification errors and
to convert units of measurement. Using the fringe number and
X-coordinate as access controls, a displacement value is ob-
tained from a linear interpolation of tabulated fringe coor-
dinates. These initial values of X and D are stored and then
processed in subroutine COR to determine the magnitude of
correction, if any, which must be applied to the raw values.
After the corrections for film magnification have been made,
the raw and corrected values (and a count of the number of

adjustments made in subroutine COR) are printed at the terminal.

G000 RIm RE D FRTRGE ducynb vl i ooy ol FRE S TEEa0 T Panllt 6alé
SO be DO e T ey

SOs0 RN

DOSO PRI 1L G

HOA0 PRING

AT LT B I O I S T (0 R O )

)
SOV TRTET U T S
SO0 PRINT
BSOSO R Al )1y
DO Fnk o TO oI
S100 RKEAD DTyl
HO RV ARG I EN NGRS AL B IO NI 1L T IR SeIi: |
9120 BE bt
STo0 =10 bl )
HEA0 FOR R=1 10 NO+
S0 0P Xy D POy THEN %100
SEAO NEXT K
SEA0 PO Xk Ly ) POy R v b XAy 30D
R RGN XN IS TR N AR R R AT X ER R SR R (N NI I DI
N A VRS R PO
YO0 BOLSUE 15000
DO ROy
G200 W)y RO
FOIYy=Heqs
HOT e 1200010
WOE)=Q¢r)
ECly T =0C1)
FRINT USING Q7000F 0 1) s86sROT) G250 Y0O
NEXT I

The corrected X and D data pairs for each pre-event
section are fit to a second order polynomial in subroutine

LSQ. Coefficients of the resulting polynomial as well as the
measured and fitted data are printed at the terminal and the user
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is asked if the next higher order of fit is desired. A positive
response results in a repetition (at the next higher order) of
the curve fitting and printing process. A negative response
terminates the procedure and the user is asked to specify the
order of fit which will be used to describe the particular
section. Pre-event displacement data are fit to a polynomial to
provide a continuous functional relationship which is used during
determinations of the relative displacement of the panel for each

of the varying X values from the post event data.

5400 REM —~ FIT XsD DATA TO LEAST SQUARES FOLYNOMIALS AND FRINT RESULTS
5410 M1=2
5420 N4=0
S430 GOSUR 10000
5440 TF Na4=1 THEN 5710
5450 FRINT
54460 FRINT
5470 PRINT USING 9430sMLeFE(M1)
5480 FRINT USING 9220
5490 FOR J=0 TO MI
5500 FPRINT USING 9230 dsAC0E1s 1)
5510 NEXT )
5500 PRINT USING 9240, F .\
5530 FRINT =
5540 FPRINT USING 9440
5550 FRINT USING 9450
5%60 FRINT '
5570 FOR J=1 70 P ‘
5580 50=a(1s1)
5590 FOR K=1 TO M1
5600 S50=80tAK L1 ) XK(RC TR
5610 NEXTV K
5620 FPRTNT USTHG QA800F C)oeRo 1) o l1E S« G0 D) -GO
5630 NEXT L)
5640 PRINT
5650 FRINT
5640 FRINT "F1T TO NEXT HIGHER OROER FOLYAOMRTAL ? (TES/N0) "3
5670 INFUT X$
G680 TF X$="NN" THEN 5710
5690 M1=M14}
5700 GOTO 54350
5710 PRINT i
5720 PRINT "DESIRED ORDER OF FIT FOR USE TR EVALUATING RELATTUE " 4
5730 PRINT "FANEL DISPLANCMENT FOR FOST IAPACT FRAMES 6 g
: 5740 INFUT M1 . .
: . 5750 FRINT J
t 5760 PRINT
: 5770 GOSUR 10000
5780 REM - STORE COEFFTICIFHNTS OF CURVE FTIT FOR FACH SECTION LINF
5790 FOR 1=0 TO M}
5800 OCT+1yI2)=ACTIHle1)
S810 NEXT I
5820 LIST USING 9500¢12¢00 150200029 I2)00(3012)90049T2) 0050123k
5830 0C10,12)=M1 1
S840 (Y I12)=F1 CoT
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DEHHSOONE AT D
HEHO REM - GO FTE BREINT OUT 0F Y TYLE FaniF
5870 LTST USING 27506 NOHDY w1 T W

6000 REM PRINTOUT FIRST raGr OF DATA (FOR PRE -IMPACT FRAMED
4010 F7=2

6020 LIST USING P410+8%yF7yNOHL

6030 LIST USING 9470

6040 LISGT USING 9630

4050 LIHT USING 9640

6060 LIST HUSING 9850

5070 LIST USING 94460

6080 FOI [2=1 TO N3

GO0 LIST UBING 271046 0T24 100

SLOO FOR I=0 TO 0Py 1)

HGL1O SG=DCHYy [2)

HGL2O0 FOR =1 TO OCEDe L0

H130 GO=000C IEL e T kWl o kkd)

G140 NEXT |

H150 LTST HGSING QAP0 H T » 123 eWoTo 120wl 0 Ty d 2d vl I 2) XKool ¢l F2) 60
H160 NEXT 1

6170 NIXT 1

H180 Y-z

In the next segment of the program, fringe number-
measured value pairs for all post event frames are processed.
Page number, frame number, shot number, and the time after the
event and other page heading information are printed first.
Processed data for successive sections of each frame are then
listed. As for the pre-event case, raw measured values are
corrected for film magnification before they are listed. Only
the corrected values are listed, however. 1In addition to
fringe number and X and D values (in device coordinates) the
listing includes X values referenced to the point of the
event and displacement values referenced to the pre-event
position of the target.

7000 REM - KEal AN FRINT ALl FRAMCS O DaTa el TER PRI CTRFACT FRAMF
7010 FOR T1=1 TO N

7020 READ N2

7030 PRINT N3

7040 | LGT USTNG 961058 e P74 NOY |

7050 FO=OND/CFS4HT SANDEEZANDT2 Y 1K1 OO0

2060 LIST USING 26204N2<T 0

7070 LEST USTNG 9630
7080 LTST USING 9640
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2090
7100
7110
7120
7130
7140
2150
71460
7170
/180
190
2200
7210

72 1_’\)

7% ’ril)
7290
TI0O0
S310

I *N:
7370
8001
8010

IST USING 9450
TET USTNG 9640
OR T2=1 N N3
F£AD FY

F FLI=0 THEN 7230

JIST USING 97105P8CT204 100

FOR I=1 TO "1

REAN QTP (1D

FCTYy-QCt»

FODy oo dimfakl ¢l bMSRFP O 7 ) %05, 4

JEFLQed) H

FOR K=1 TO N2t

[F X(Ry g3 HCT) THEN 7230

NEXT K

FO=CXCR Lo ) FOLYI/CGHIR 1w - Anks D)o

RCD =0Ch Lo 1 HPOXK(NIR, D DK I I

GOBSUE 15000

HO=0C1T.0)

FOR b =0 TN O0lOe )

GO=GOHGL 4 Lo T 23R CT YRR

NEXT L.

LIST USING P67P09F (Tl el QCT o F T )-XOyQCT
HEXT T

GOTO 7340

L
L
r
K
I
L

P LTST USING 9720yF$(12410)

NEXT 12
PP
REM - B0 TN WE 21 FRADE aNB PAGE OF FRINTOUY
NEXT T

S0

FRINT "R COMELTTEDR - GOTRG TO “ERB STATEMEAT"

GoTon 200600

Following is a listing of the various

image statements

used in conjunction with the various PRINT USING and LIST USING

commands .
the heed of the user.

Content of these statements can be changed to suit
Image statements listed and used for the

sample problem were used for an aircraft transparency deflection

measurement application.

2000
2010
9020
9030
2040
050
2060
2070
2080
2090
2100
?110

REM - IMAGE STATEMENTS FOR TITLE PAGE FRINTOUT
i1 . F16-A BIRDSTRIKE FROGRAM

-

.o o

(=]

WEIGHT ~- #.%% LRS
VELOCITY ~- ##& KNOTS

OF THE FORM:
Y = A0 + ALXX + ... + ANKXKKN»

0 oo 00 00 oo oo oo e

29

SHOT NUMBER — S$#44584355248 3888880500883 0883005 4
DATE FIRED - $5%333388533 8888383340 5080800

TRANSFARENCY —~ $34843838 850830848808 05 3830005800005 00 5401008
FROJECTILE -~ #4S$34S353384 5288488885808 8500803040

*#%# FRAMES OF FILM (AFTER IMFACT) EVALUATED FOR THIS SHOT
NFOLLOUING ARE THE COEFFICIENTS OF LEAST-SQUARES FOLYNOWIALS

S ;L

.
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9120 3 FIT TO THE EXFERIMENTAL

9130 ¢ DATA. FILM MAGNIFICATIONy IN REAL INCHESy IS GIVEN A5 A FUNCTION
9140 ! OF MEASURED INCHES AND FILe SFEEDY IN PICTURES FER SECOND, IS5
P150 ¢ GIVEN AS A FUNCTION OF FRAME NUMRBER.
2160 OCOEFFICIENTS: AQ Al A2 ST ER OF EST
170 JOFILM MAGNIF: cEEEEEEI N - EREEFL LD R REEREE L . 5584011
2180 10FILM SFEED? R XEZIZIANEN R EEEREL LD EXE 121 ZNNN F.EEEFS1 100
9190 - FUS STA 140 LOUCATED ##& 4% M 10 THE RIGHT OF CENTER OF MOIRE DEVICE
QP00 -FUS STA 140 LOCATED ##%.%% ot TO THE LEFT OF CENTER OF AOTRE NEVICE
2210 ¢ INSUFFTUCTENT DATA FOR FIT TO A % #&-0RDUR FOLYNOMTAL

POPANEL DATA (REFERLNCFD TR THE HOTRE DEVTCE Y.

: ACk) = - FEEREINLD

: GTH. ERROR OF ESYIdATE = k. 1EEE$1 01

‘0 “ROGRA RUN AT FEEERE HES O FEEE$¥ .

0 Xk RESULTS OF CURVE ITS TO PRE-TAPACT Fanbl SECTIONS £k

. CREFERENCED TO THE MOLRE DEVICE)

LOSEL COEFFICTENTS OF LEAST- SQUARE FOL YNOMTALS STD FREOR
PO T NO ACOD ACL) fu Ao A OF EST
P3I00 ¢ * E X% 22 XS 22 NN ¥ oRES1 1Y EXE1 L ZNEN E XTI T AN P2 R

Y400 REM - ITMAGE STATEMENTS FOlR PRIBTOUHT OF FRE- TMFACT FanlCL DATA

-

9410 ¢ FRINGE MEASUREIDN X » Mi DLSTLACFHENT 5 rii4 N0 TLMES 1

9420 ¢ NUMBER AW C ORK Raw CORE SUER COR

94736 3 COF TENTS OF A # $5-0RDER FOLYNOMIAL FTT TO THE f THPACT

9440 ¢ FRINI MEAGURE T AL TUAL CALCULATI T - o

450 1 NUNMGER X s 1M LTSEL » M TSIy i ACT - CALE

DA50 3 BE RE EEEV L R EEEEI UL R E L EEREL UL R ERER L

9470 IOFRAME NUMBER -~ PRE-IMPACT

600 REM - ITMAGE STATEMENTS POl ROUTINE DATA FAGES

PLT0 TIGHDY NUMEE R F e T ey R R R e T 2T FAGE #% OF #% PAGES
PLOO LOFRAME NUMKRITE - &8 CRE EEEE MOIC AFTER THPALT)

CAR0 3 X BONKDINAYT Y DISELACTHENT « X - CODRDTNATT v NTSFUACEHRENT v
Y640 3 FRINGE TN tiMs Tid i T by TR Mty
$650 ¢ NUMRER  W/R TO HOYEE WK TO MOTRE WA TO WA TO PRESHOT
0660 1 HYUTCE NFVICE FIS STa 140 FOsITION
GHIO &~ .

9630 3

P6P0 T - #% Il RITL] ETIT YT ST
9700 1 4% ~EER L EE REELEE ~BEE L EE HEELBE *

710 JORFERSRERER RN SR EF AT LR SRR H A A4 F AR R4 E 3020008
Y720 10DATA NOT AVATLARLE FOR $ES353553335 3805003 b3 4 8 H 3 800 04000 404

In the following subroutine, LSQ, pairs of data are fit
to a polynomial using a least-squares curve fitting routine.
The sets of Xy and Yi data are used to form the following series
of equations:

.




m i
= + . e . o + . !
ZYi Aon Alle + AmZZX;L
. 2 m+1 1
= . . e o . *+ .
)IXiYi Aole + Alle + AmZXl /
) {4
: k
_ m m+1 2m
IXGY, = AIX] + A IX] + ... +AJX ﬂ
if
£
In these equations, n is the number of data pairs, m is the )
order of the desired fit, and A;,, A,, A, ... are coefficients 4
of various terms in the equations. Since these equations are
of the general form, k

y = A, + A,X + A,X + . . .

they may be solved simultaneously to yield the various coeffi-
cients. 1In subroutine LSQ, this is accomplished by forming
the various summations, placing the appropriate values in arrays,
and using matrix algebra to solve for the coefficients. The
various zx? terms are formed in statement 10140 and later
| stored in array Y; the various ZXTYi terms are formed in state-
ment 10180 and stored in array T. Solution of the coefficients
is accomplished in statements 10350 and 10360. Upon completion
of a determination of the standard error of estimate for the
fit using the following relationship,

2
gy - ZAmeY
n

Std Error of Estimate =

control is returned to the main program.

! 10000 REM - LEAST SQUARES SURROUTINE :
| 10010 REM - UF TD S0 DATA FOINTS MAY KE FIT TO A 9TH ORDER FOLYNOMIAL b
| 10020 M2=M1+1 -
10030 IF M2:F1 THEN 10430
| 10040 MAT A=ZER(M2,1) ;
! 10050 MAT T=ZER(M2,1) ]
t 10060 MAT U=ZER(M2+M2)
|
|

10070 MAT Y=ZER(M2sMD) ~
10080 FOR J=0 TO 2%M1




10090 G(J)=0

10100 NEXT

10110 S=Y2

10120 FOR N=1 T0 Ft
10130 FOR K=1 TO 2%M1
10140 G =GR HR (NI K
10150 NEXT K

10160 FOR L=1 TO M2
10170 IF L=1 THEN 10200
10180 TCL e 1) =TCl o 134 QNIRCPENI (L ~1))
10190 GOTD 10210

10200 TA o131 » 1) FRTND
10210 NEXT |

LOSPO Y22 4RGN D

10230 15(0) =N

10240 NEXT N

LO2S0 | =M1

10O FOR Tt TO M2
102720 L= t1

10280 J=1-1

10290 FOR K=1 10 |
10300 M=k 1

1O310 M=K )

FOS20 Pe) el 0P

10330 ot ) K

10740 T |

TONGO MAT Y=TNUT )

10340 MAT A=V

10320 FOrR I=1 70 t2

10080 S=Ct ATy 1 KT T Tednn
10390 NEXT |

10460 Z=ARSIYD D)

10410 E=SORTZ/GCD )

L0420 GUITD 10450

10430 FRINT USTNG 2210eMt ot iy
10440 N4a~]

10450 RETURN

Film magnification correction terms were determined using
data taken from the pre-event frame. When the target is de-
flected, a change in the magnification of its image occurs.
Since the dark band used to define a measurement point is formed
on the surface of the target, evaluation of the film magnifica-
tion polynomial using post event measurements may yield results
which are somewhat in error. Displacement values obtained with
use of these measured values will also be in error. The mag-
nitude of the error increases as the post event measurement
plane is displaced in either direction from its pre-event
position.

The error just described is reduced to a specified mini-
mum value in subroutine COR using an iterative correction
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procedure. A graphical illustration of one step of the cor-

rection procedure is presented in Figure 11l. 1In this
use is made of the fact that each measured value lies
which makes a unique angle to the initial position of
(or the X-axis). With respect to the illustration in
angle o should equal angle B for this condition to be
Angle a (A5, statement 15020) is the true angle which

procedure,
on a line
the target
Figure 11,
fulfilled.
the line

of sight makes with the pre-event target surface. Angle B (A6,

OPTIC AXIS

POSITION OF DEFLECTED

CENTER OF e
DARK BAND -~

S /A

s
B

Z a 4 ‘

Figure 11. 1Illustration of Procedure Used to "Correct" Measured

Values for Magnification Errors.

TARGET

TTHA—~ | o INITIAL POSITION
Dy /_ OF TARGET




statement 15030) is the angle which an apparent line of sight
makes with the pre-event target surface. These angles are
determined in subroutine COR using device constants provided
at the beginning of the program and the particular Xa and DA
values obtained from the initial interpolation of the tabulated
X and D coordinates. The difference between these angles is
compared with a specified minimum acceptable error (statement
15040). If the difference is less than the acceptable error,

control is returned to the main program.

When a correction must be applied, the magnitude of the
correction, AX (S2), is determined by making use of geometric
relationships illustrated at the upper left of Figure 11 and
expressed in statement 15050. The correction is applied to the

old value of xA and the new xA is used to determine a new value

of Dp by interpolation in the table of fringe coordinates.

Note that use is made of the fact that the measured point must
lie in the center of the dark band specified as the fringe
number in the original data pair. The new values of X and D

are used to compute a new angle B. The difference between o
and the new £ is compared with the minimum acceptable difference
and, if necessary, the correction process is repeated. The
examination and correction procedure is repeated until the
difference between these angles is less than the minimum

acceptable value.

15000 REM - SUBROUTINE FOR CORRECTION OF ERROR DUE T MAGNIFCATION
15010 YO0=0

15020 AS=ATN(RL1/(R3-F(1)))

15030 A CATNC(RE-QCID) Y/ (R3-1P (1))

15040 IF ABS(AS-AH)ISE-04 THEN 15140

1H050 82=(((R3~-F(I))/COS(AS IXTANCAT-AL) IXSINIAL)

15060 F(I)=F D) +52

15070 FOR K=1 TO N9+1

15080 IF X(Key HDEFOIY THEN 15100

15090 NEXT K

15100 PO=(X (R -1y J)~FCE) I/ (XK1 D) ~X{Ky D)

151010 QCT)y=0- 1y JIHFPOX DRy J)-TNI{K-1r D) .
15120 YO=YO+1

15130 GOTO 15030

15140 RETURN

20000 EHD




SECTION V
TEST PROGRAM AND SAMPLE PRINTOUT }
Except for order-of-fit data which are entered from the 1
time-sharing terminal during a run, all data used during the 4
execution of PANDIS are read from DATA statements. Statement h
numbers 1 through 999 are available for use as DATA statements “
Following is a listing of sample data which are read from these
DATA statements. The data shown in these statements are used 3
to produce the sample printout presented in this section. R
An explanation of the data, by variable name, follows this

listing.

PO UATA 1970 Sied 2 cvelie o 10 cerep s P08 0D
B N e B R e e L
X A Sy RO Vhte 40 Yy 1EEe I
21 DATA SECTLOG L ToCH ALY Takae T DT
S ATA SEUT LR THICOIGH b i
AL DATA SFCTTON 1IN0 BEF v R froain
A3 0ATA TED FROELI <N TOGER 4 Ladvven RV L L0
SOCDATA IMAGTNARY BALD ey}
6O PIATA By
FO NATA L2053 0w o3 7S Ny LS e e LD Sy W
SO DATA A T %y o6y 2 0% B35 4,0
PO DATA 14+294,44
100 DATA OOl v .38 e 20 1. 70«3 e den . ddvSedo3yheDH, 17
11O DATA 796.039896:8 9970779000621l e 5o 12910570 01%911, 29
130 DATA —.89%
140 LATA 7
14% DATA 3916 r 290185y Ly a718%500 1509 05%y ~Lesbbis=te - 045
150 hatTa 7
LSS DATA ~ 391G 201,085y 1o od1Gs0yQ0eGy - L3585y~ 1 e o 76y =20¢ 495
160 DIATA 7
16% DATA ~39 1448929285212 o H 159090190 r- 485Gy ~T 9=, 8Os ~2r~1,05
170 DATA 1
186 DATA 8
185 DATA =391 obr=201 2291992909 585919001919~ .25
190 DATA Os- 465y 1e—-.83
200 Data 8
205 DATA ~351.59-293 41991082909 ,459 19 .0P91y~.35
210 DATA O~ s 75y~19-493
220 hATA 8
225 DATA =391 .4y-291.099-19:72909 35919y~ 1991 9,45
230 NATA Oy~ 4859 -1y-1.,03
240 DATA 2
250 DATA O
260 DATA 9 ‘
265 DATA ~391.599-291.299-19:98905.68519:37529~.02 :
270 DATA 29y~,57919~:e7990,-.93

el et

: 280 DATA 9 b
; 285 DATA ~351.499-291.199-19.88509.58s19.27+29-,12 4
i 290 DATA 291467119 -.89909-1.03
{ .
!&
L1
35 g
%
»
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E Statement .
; Number Variable Name/Description ;
10 R1, R2, N9, R8, R9
20 Al, A2, Fl1, F2, N3 ;
Statements 10 and 20 contain the six moiré device i
parameters and other values used to establish
limits for subsequent computations and procedures.
Note that N3 has a value of 3, indicating that
profiles are to be obtained along three sections
of each frame.
30 P$(1) to P$(9)
32 P$(11)
34 P$(12)
36 P$(13)
Statements 32 through 36 are descriptions of the
section lines which were used for each frame.
40 S$, DS, PS$S(0)
50 P$(10), Y8, Y9, NO
Statements 40 and 50 contain descriptions of test
target conditions and a specification of the
number of frames which will be analyzed for the
particular test.
60 Pl1, Ml
The number of points and the order of fit desired
for the film magnification correction polynomial.
70 P(1), Q(1), P(2), R(2),...
80 P(6), Q(6), P(7), Q(7),...
bata for film magnification determination
90 P1, M1, U(O0)
The number of points, the order of fit, and the
distance to the first frame of the event. These
values are used with the film speed data to 3
determine the coefficients of a polynomial which ¥
describes the framing rate of the camera. 4
$
100 R(1), U(1l), R(2), U(2),... E
110 R(8), U(8), R(9), U(9),... ;‘

Data for film speed determinations 1

36
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Statement
Number Variable Name/Description
i} 130 X0
Distance from origin of moiré device coordinate
system to point of interest on target
140 Pl
Number of data pairs for first section in pre-
event frame
145 u(1)., RrR(1), U(2), R(2),...
Fringe number, measured value pairs for first
section in pre-event frame
: 150,160 Pl
f; Number of data pairs for remaining sections in
; pre-event frames
g 155,165 U(l), R(1), U(2), R(2),...
i Fringe number, measured value pairs for section
! in pre-event frame
170,250 N2
Frame numbers
180,200,220

250,260,280 Pl

Number of data pairs for each section in the
various post event frames. Note that a value of
zero was entered in statement 250 indicating data
were not available for this section.

All other
statement
numbers Q(1), P(1), Q(2), P(2),...

Data pairs for sections of all post event frames.

The next three pages are printout that was received at the
the terminal during the run using the sample data. Only results
of the analysis of certain pre-event data are printed at the
terminal. These data are printed to permit the user to select
best fit data for use during analysis of subsequent post event
J frames. In each of the pages the user was asked for a response
after results of the first curve fit were printed. As shown,

-
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the response--YES--resulted in another printout and question.
The negative response resulted in a request for specification of
the order of fit to be used with the data that were presented
at the beginning of the printout. A similar sequence was
followed for the additional sections of the pre-event frame.

At the end of the third page, the number of frames which had
been processed and a notification that the job had been com-
pleted are printed to signify that work on the run has been

terminated.
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SAMPLE TERMINAL PRINTOUT - First Section

XRUN
- USED AS ARRAY & SCALAR NAME!EsHsMsNeW

SECTION 1-INCH AROVE IMFACT FOINT

FRINGE MEASUREL XsMM DISFLACEMENT » MM NO TIMES IN
NUMEER RAW CORR RAW CORR SURR COR

-3 101.88 100,86 ~24,02  -25.41
82,30 79.88 ~14,58  ~17,0%
53.76 50,98 -8.80 -9 65

6.21 6.84 1.14 1.26

~26.51 23,47 4.6 4,32

~68.54 68,37 0.35 6,26

~89.99  -93.41 by 72 ~3,23

PO S
i R R R e

COEFFICIENTS OF A 2 ND-ORDER FOLYNOMIAL FIT TO THE FRE-IMFACT
FANEL DATA (REFERENCED TO THE MOIRE DBEVICE).
ACO) = F.65370E400
ACL) = L
ACD) =
STE. ERROR OF ESTIMATE =

8.38853E-01

FRINGE MEASURED ACTUAL CALCHIL.ATED DIFFERINCE
NUMEER X o MM DISFL s MM DISFL »iir ACT - CAITL

10.086E401  ~25,4073E400 AH.0B91E400 45.1782E-02
79.830E400  ~17.0539E400 17, EA0O¢ 2704673 -02
S50.983E4+00  ~94.4530E-01 77929 1E~( =16 5238E-01
68.370E-01 12.8744E 01 864 HEGEE-QY 39 1HO3E -0
~23.472E400 43.1690E-01 31.6630E-01 11.5061E-01
~&68 3726 +00 DEGOH76E 02 Q1LGICTF- 02 ~68.972000-07
=93, 414E400 -3, 3L70E-01 - 32,7503E-01 A3 3264F -0

P S0 = IS

FIT TO NEXT HIGHER ORDER FOLYNOWTALT (YES/HO)PYES

COEFFICIENTS OF A 3 RD-ORDER FOLYNOMIAL TO THE FRE -THPALCT
FANEL DATA (REFERENCED TO THE MOIRE DEYIC
ACOY = 1.73528F

ACL) = ~1,22948¢

ACD) =14 70281 ;

AC3) 2.58884F -06

ST, ERROR OF ESTIMATE 7077235 -01

N
E)e

HI I

FRINGE MEASURED ACTUAL CALCULATED DNIFFERENCE
NUMEBER Xy M DISFL » MM DISFL » MM ACT - CALC

i

10,086E101
79 .880E4 00
50.983E+00
68.370E--01
~23.472E4+00
-68.372E4+00

~25.4073E400
~17.0539E+00
=96 .4530E -01

12.5744(-01
43,1690 -01

25.5676E-02

25 3306E400

17 +6317E400
~Béb1611E--01

B1HP1GE-02
3644950E-01
13.5380F-01

~7647212E-03

57 7805E-02

102919601

44,1524E-02
66.7404E--02

-10.9813E-01

1=, OC O =M W

~93.,414E4+00 ~32,3170€£-01 -37.,4904E-01 S51.7338E-02

FIT TO NEXT HIGHER ORDER PPOLYNOMIAL? (YES/NO)?NO

DESIRED ORDER OF FIT FOR USE IN EVALUATING RELATIVE

FANEL. DISFLACEMENT FOR PDST TMPACT FRAMES 73
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SAMPLE TERMINAL PRINTOUT - Second Section

SECTION THROUGH IMFACT FOINT

FRINGE MEASURED X » MM NISPLACEMENT y MM NO TIMES IN
NUMBER RAU CORR RAW CORR SUBR COR

-3 97.64 95,55 ~29e77 ~32.61
-2 76.79 7257 20,20 ~24 35
-1 44,82 42,82 ~10.%1 ~12.12
Q ~34.42 - 02 6470 5.89
-1 =79+ 70 ~7%.68 . 7.16 4.08
-2 ~101.73 ~99,00 5.246 2.47

HSRC RN SR C AR S

COEFFICIENTS OF A 2 NI-ORDER POLYNOMIAL FIT T THE FRE-IMPACT
FANEL DATA (REFERENCED TO THE HOIM EVICEY .
AcO) -~ { 34102
ACL) = - 01
ACL) = ~1.68482E-03
ST, ERROR OF ESTIMATE = 9.99434E-01

FRINGE MEAGURED ACTUAL CALCULATED NIFTERENCE
NUMEER Xy MM DISFL y M DTSEL MM ACT - CALC

-3 PHeS546E4+00 ~32.H09BEH00
- P2G66EX00 240 3455E4H00
-1 42.825E400  ~12.1184E+00
)] =24,050E-01 44, 2338E -0

=32, 016E+00 58.8826E-01
-1 “ 75 H7HE OO 40 . 842601
it =98 PPBEFOO 24,71348E-01

12,701 4€
14, 03¢
6D 0491
‘.‘ 3,09 7%F
1% 2940E - (
/6 728
~ L1 A9 LE

m@f B796E4+00

FIT TO NEXT HIGHER NDRDER FOLYNOMIALT (YES/NO)ITYES

COEFFICIENTS OF A 3 RO-ORDER FPOLYNOMIAL FIT TO THE FPRE-1IMPACT
FANEL DATA (REFERCHCED TO THE MU!RF IlEVI(L)v
ALO) - ]
ACL) = =
ACD) = ~1.6606
ACKY = F,73797E-C
STH. ERROR OF EGSTIMATE = 7.,.54936E-01

FRINGE MEASURED ACTUAL CALCULATED DNIFFERENCE
NUMEBER Xy MM DISFL MM NISFL » MM ACT ~ CALC

=3 95.546E400  ~32.609SEH00  -33.1026E400  49.3179E-02
=2 72,566E400 ~24.3455E400 23, 4523EH00  ~89.3219E-02
-1 A2.825E400 ~12.1184E+00 ~12.3299E+00  21,1589E-02
0  ~24,050E-01  44.2338E-02  38.5457E-02  56.8817E-03
0 -~32.016E400  58.8826E-01  50.9945E-01  78,8801E-02
-1
L

=754 676E+00 40.8426E-01 54,2099E-01 ~13.34673E-01
98, 998E4+00 24,.7134E-01 17.,9169E-01 67 JRETHE- 02

FIT TO NEXT HIGHER ORDER FOLYNOMIAL? (YES/NQ)TNO

DESIRED ORDER OF FIT FOR USE IN EVALNATING RELATIVE
FANEL DTISFLACEMENT FOR FOST TMFACT FRAMES 73
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SAMPLE TERMINAL PRINTOUT - Third Section

SECTION 1-INCH BELOW IMFACT FOINT

FRINGE MEASURED. XsMM DISPLACEMENT » MM NO TIMES IN
NUMBER RAW CORK RAW CORR SUERR COR
-3 23,10 89.54 ~35,92 40475 2
-2 70.98 65.42 -25,06 =27 454 ?
-1 39.57 34,17 ~13411 ~14,74 3
0 ~11.75 «~1057 2.16 1.94 2
0 ~dé o b4 40,57 .17 7.46 4
-1 —91.15 ~81.51 19.61 ?.13 2
-2 ~113.77 ~104.,38 24,48 7.97 3
COEFFICIENTS OF A 2 ND-ORDER FOLYNOMIAL FIT TO THE FRE-IMFACT
FANEL DATA (REFERENCED TO THE MOIRE DEVICE).
ALO) = ~1,56133E+00 P
ACl) = -2,81086E-01 i
ACD) = —1,80357E-03
STO, ERROR OF ESTIMATE = 4,90966E-01
FRINGE MEASURET ACTUAL. CALCULATLD DIFFERENCE
NUMEER X » MM DISFL » MM DISFL » MM ACT - CALC
-3 89 .540E400  ~40,.7533F+00 - 41.1898E400 43,46462E~02
-2 65 A22FF00 27 56330400 276699400 10.6613E-02
1 34.169E400 14.7423E400 ~13.2713E400  -14,71000-01
0 =10+ 566400 19.4321E 01 12.,0721E-01 TR.HPPVE O
0 40,56 7E4+00 74,6073E~01 68.7330E-01 58.7427E-02
-1 -81.507E400 91, 2654F - 01, 93, A4728E-01  ~24,0739E-02
e ~10.438E+01 7P 7OVVE -0 231.2773E-D)  -15,4938E~02

FIT TO NEXT HIGHER ORDER FOLYNDMIAL? (YES/NO)TYES

COEFFICIENTS OF

A 3 RI-ORDER FOLYNOMIAL

FANEL DATA (REFERENCED TO THE MOIRE DEVICE).
=1+ 71183%E 400
=2, 99229001

6Ty,

FRINGE.
NUMEER

-3

.’
o

-1
0
0

- 1

ACOY 2

ACL) =

ACD) =

AC3) =
ERROR OF ESTIMATE =
MEASURED ACTUAL,

Xo MM DISEL » MM

892.540E4+00 ~40,7533E400

65 . 422F4+00
34.169E+00
~10+556E4+00
~40.567E+4+00
-81.507E4+00
~10+438E+01

FIT TO NEXT HIGHER

DESIRED

1 2 JOBR COMPLETED----

D756
~14.7423F 400

OO

19.4321E-01
74.6073E-01

921.2654E-01
79.7279E-01

CALCULATED
NISPL y MM

40+ 6694E+00
=28, 0425F +00
=15 e8208E D0
12.5216F-01
73.8944E-01
97 .2894E-01
76 .563%E-01

ORDER FOLYNOMIAL? (YES/NO)TNO

FIT TO THE

DIFFERENCE
ACT - CALC

~83.8928E-03
A7 .9263E--02
170 1632F--02
4R 105102
712891E-03
=60, 23F7E -0
31.46407E-02

ORDER OF FIT FOR USE IN EVALUATING RELATIVE
FANEL DISPLACEMENT FOR POST IMPACT FRAMES 73
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The next four pages present the sample printout produced

at the high-speed printer. Presentation of these pages completes
instructions for the use of the moire device and program PANDIS.

TR TP T
. o .

P~

Flo~A RIRUSTPIKE PPOGKRAM

. WY Ty

SHCT LUNMBCR == TEST PRInlEM 3
4
CATE FLPEL -- OCTO&F+ 4 198N .
TRANSPARLNCY -=- CuRveD LINES
PUCJECTILE =-- IMAGINAFY cALL
wEICHT -- C.G0 LFS
VELOCITY -- 3 RNGTS
D FRAMES OF FILM {AFTEP IMPACT) LvALUATLL FCR THIS SHOT
FOLLOWING APE THE CUEFFICICKTS NF LEAST-SOUARES POLYNCMIALS
uF THE FQRM:
Y = AL ¢ AlxX e .., + ENBYBEY,
FiT 10 THE EXPERIMINTAL
LATPe FILM YAGNIFTICATIOUN, It PLAL INCHES, 15 CIVEN AS & FUNCTICOW
OF MEATZURED INCHES ANLD FILM SPEFU, IN PICTUKES PCR SECCND,y IS
IVEN AS A FUNCTION QF FRAME ANUMEFR.
COEFFICIENIS: AT A1 Az SYD ER OF EST
FIL™ MAGNIF: -1.02975E=~01 3,625]125400 =6 ,"2U48E-C1 7.09263C~02
FILY SFEED: 2esBN2TE40L3 1.24854C 400 =-2,78472-02 6.92820E+00
FUS STZ 16U LOCATED 95424 wM TO0 THE PIGHT 5F CFNTER OF MOIRE CFVICE
sx PESULTS GF CURVE FITS TC PRE-IMPACT PANEL SECTIONS »% 4
(REFERENCES TO THE ¥yTRe DRVICE) ;
B
SEC CUEFFICIENTS OF LEAST-SWUAKE PGLYNOMIALS STD ERROR
NO 2¢O} ALlL) AL2) AtLS) AtY) OF E€ST

1 1e725€¢NC =14269E-01 =1.773F=03 245395-N¢ 0.00CE+00 7.38L-01 :
=1e¢3526~01 =2.205-01 ~1.¢e618-73 3.728€-C6 C+.COUE+CC T.55£-01 3
3 =1e712E+00 =2.,952E~01 <-1.743€£-C3 2.524E-CH 0.C03E+UJ 5.29E-01

*

PROGRAM RUN AT 161109 WRS ON 110584

SAMPLE PRINTOUT - Title Page
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SHOT NUMBER

~~ TEST PRORLEM

FRAML ANUMBEP -- PRE-[MPACT

r RINGE
NUM3ER

SECTION
-2

3 e Y i) e £

SECTION

-2
-2
-1

~
-

-
~

-1

SECTLCN

-3
-7

-1

~

X~COORJIINAIE,

CISPLACEMENT,

IN ¥y, N v,
d/F TO MOIRE w/R T0 “QTRE
CEVICE DEVICE
1-1INCH AEOVE IMPACT POINT
10J.853 -<S.407
79.884 ‘17.05“
5C.583 -9 EM4E
6,27 1.257
-23.472 4,217
“boel2T2 0.256
-63.414 -1.232

THRCLGh IMPACT POINT

95.%ub =32.¢1°
7566 -i4,746
42.£25 -12.1]1¢
~Z % Dottt 2
=32.016 S.€3¢8
=75.t76 LS g -1
-“9k.999 ?-“71
1-INCH Bellwn IMPACT POINT
89.54C “40,.757
65.422 ~2T7.567
J4.1ES ~l4.74?
“1U.5¢6 1,943
45567 T.461
-21.5C7 9,127
~104.3%°4 7.972

X-CUORDINATE,

I'v MM,
«/® T0O
FUS STs 140

196,795
175.117
146.220
132.C74
71.76%
c6.R065

| .4

19C.783
l167.843
139,762
92.£22
62,221
19.961
'3.751

164,777
lu0.65¢
129,40¢
oll.671
SU.6TC
13.73C
’9.1‘.7

PAGE

2

OF 4 PAGES

DISPLACEMENT,

In mv,

w/R 10 PPESHOT

SAMPLE PRINTOUT Cont'd - Pre-event Frame
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. A
Gl ".,)"ﬂ‘ e

QU T I

3~

POSITION

~3.077
C.578
~1.029
celith2
Jeb667
-1.,098
ueS17

Seli93
-C.893
Te212
C.CF7
LeT8Y
~1.327
J.6€0

~Je08Y
Sel79
~CeET2
C.691
N«C71
~0.0602
ve316

RS

i ¥eraZf




SHOT NUMBER -~ TEST PROBLEM PAGE 3 CF 4 PAGES

FRAME NUMBER == 1 ( C.347Q0 MSEC AFTEP 1IMPACT)

X-CCORUINATE, LISPLACEMENT, X-COURDINATE,

FRINCGE IN MM, IN mM, IN MM,
NUMEER w/F Tu MCIRE /R TO MOIRE w/P 10
DEVICE DEVICE FUS ST# 140
SECTION 1-INCH ABOVL IMPACT POINT
-7 10C.tE8 -2f .87 196.095
-7 Eb.578 -1C.214 181.81¢
-1 6b.e£3 ~Ce.fbl 162.120
3 45,006 8,217 1404243
1 10.%21 <1037 1US.75¢%
1 -1z.15%4 19,42 03.083
z -S4.021 13.630 43,606
-1 ~79.955 IELL B! 15.282
SECTION THROUGH IMPACT PCINT
-3 95,546 =32.¢1°0 19C.743
-7 Bl.214 -16.709 175.455
-1 59.L11 ~£.€07 154,247
9 37.303 E.F60 132.%47
1 cel15 o217 $7.251
1 =“ly.614 21.437 15.627
2 =61.U%C 17.7:2 34,147
-1 -€5%.191 13.021 104146

SECTiCH 1-INCH tbbloe IMPACT PCINT

-3 8G.50.) 4T L7577 lot 4777
-2 2e% 13 LTS L 169.177
-1 51.372 ~N.Fc7 1464609
R 6.7 Celpl LU 494
1 “beY%1? 1461 sf.72C
1 ~27.0L%1 2le72P wl,18€
. ~67.515 zle.fcu 27722
-1 el UlG 124704 Ser27

SAMPLE PRINTOUT Cont'd - Frame #1

44

DISPLACEMLNT,
IN MM,
w/R TO PRESHOT
POSITION

-C.077

%.779
12.469
15.289
2L.781
16.506
1d.953

t.CES

Lo liS s
5.871
11.17a
17.33¢&
204905
17.8%,
11427

o123

~UeD%w

T.67]
11.61%
17.27¢
1%.2°7
100271
11.757

Y.107

.
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SHOT NUMBER -- TEST PROBLEM FPAGE & OF 4 PAGES

FRAME NUMBER =-- 2 ( C.6938 MSEC AFTER IMPACT)
X-COORDINATE, DOISFLACFMFNT, X-CUOQRDINATE, ODISPLACEMENT,
. FRINGE IN vM, IN vp, IN MM, IN MM,
NUMEER w/P TC MOIRL W/k TO MOIRFE w/P 10 w/P 10 PRESHOT
CEvICE DEVICE FUS STA 140 POSITION

CATA NCT AVRAILABLE FUP SECTICN 31-TnCH ABOVE IYPACT PUINT

SECTICN THRCUCH I¥PACT PCINT

=7 100.372 —ct.Tot 195,609 9.1¢1
-2 86.578 -1C0.214 lel.81E 19.023
-1 T1.599 2.417 lobe 236 2502€1
r $5.796 14,89 11,733 31.548
1 364,523 PR K3 134,700 37.147
Py 17.LC9 Z€eFT1 112.746 41.C%¢
B -25%+.2%6 17.927 69,549 33.609
1 -52.044 2°9.68°% 42.392 23e6%7
S “T72.507 2425 2?2.65C 15835

SECTION 1-INCH BeLia TMPACT POINT

- Su.9P1 =23.371% 190,218 1Ce322
-? tClecle ~16.7CS i75.435¢ 1€.922
-1 63.810 -1.751 159.047 23.997
. < 47.019 G.751 142.P56 29.3€2
: 1 21.192 «le?t7 1¢6.428 452
: z 10ecC89 S6e€T1 1uf.286 431463
. K =3l.%10 4n.0e"” 6l.221 34.C099
| 1 -Sce518 33,621 3e.T19 240380
' 7 “T3.771 2%, 1c" 15,466 1,377

SAMPLE PRINTOUT Concluded - Frame #2
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